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(57) Abstract: A modular spray gun that can be configured and built to operate using a selectable spray pnx:ess- The modular spray 
gun includes a gun body, an extension and a selectable spray atoniizing componraL The basic gun body and extension are used to 
configure a spray gun that can operate as an air spray gun, an airless spray gun, an AAA gun or a HVLP spray gun. The modular 
extension can be selected to allow circulating or non-circulating operation. The modular extension also pennits a variety of spray 
nozzle assemblies to be mounted thereon depending on the selected spray process to be used with the specific gon. The modular 
gun body allows selective connection of an atomizing air supply and additional components specific to a particular spray process. 
An indicator device and/or a relief vahre is provided for spr^ guns using an HVLP spray process to provide an indication that the 
spray gun is in compliance with the maximum nozzle air pies su re limit, usually less than 10 psi. A new air valve seal assembly is 
also iHOvidedL The modular gun design can accommodate electrostatic and non-electrostatic versions. 
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MODULAR FLUID SPRAY GUN 
RELATED APPLICATIONS 
This application is a coudimatiQii in part of pending application 3enal no. 09/177^13 
filed on October 22, 1998 for MODULAR FLUID SPRAY GUN, tbe entire disclosure of which 
5 is fially incorporated herein by reference. 

Technical Firfd n f the Invention 
The present invention relates to fluid spray guns. More particularly, the invention 
provides a modular design for a fluid spray gun which permits the gun to be configured to 
operate with a selectable spray process such as airless, air assisted airless, air spray and HVLP, 
1 0 with significantly reduced inventory requirements and minimal parts changes and assembly 
labor. The gun is provided in an electrostatic and non-electrostatic version. 

Background of the Invention 
Fluid spray guns are generally known and are commonly used to spray a wide variety 
of fluids on any nuinber of different types of articles. Spray guns can be used, for exan^le, to 
15 spray fluids such as paint, lacquer, cleansers, sealants and so forth. Fluid spray guns may be 
hand operated or automatic depending on the specific application system requirements. 

Fluid spray technology includes a number of spraying modes or spraying processes for 
applying a fluid to an object A fundamental characteristic of all spray processes is that the fluid 
is atomized before it is applied to the object being sprayed- The spray processes differ in the 
2 0 manner by which the fluid is atomized, with the goal being a finely atomized spray that is 

released firom the spray gun in a well defined spray pattecoL The spray pattern can be shs^ed by 
the selected atomization process as well as by the design of Hie spray nozzle used witii the spray 
gun. Thus, different spray technologies not only use different atomization processes but also 
may use differmt nozzle designs. 
25 A familiar spray process is air spraying which utilizes pressurized air to atomize the 

fluid at the region offliB spray nozzle outlet Air spray guns thus tend'to be operated at lower 
fluid pressures such that in tibe absence of an atomizing air si^ly flie fluid sisnply runs out the 
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nozzle as a small Stream. Theatoinizmgairisxisxiallyontheorderof lOto lOOpsi. Therefore, 
the spiay gun must be able to withstand such air pressures. 

In some cases it is desirable or required to operate air spray guns at a reduced air 
pressure. Using lower atomizing air pressure may in some cases reduce fluid bounce back firom 
5 the objectbemg sprayed and thus increase transfer efficiency. Such spraying systems are 
generally referred to as using a hi^ volume low pressure C^ETSHLP" hereinafter) spray process. 
Jn a typical HVLP process, flie air pressure at the nozzle is kept to less than 1 0 psi but the spray 
nozzle is designed to increase the volume of air directed at die fluid spray. Thus, HVIP is a 
variation of air spray technology but utilizes a different spray nozzle design. Spray guns for 
1 0 HVLP operation also requixe a mechanism by which the air pressure at the nozzle can be tested 
for conq>liance with the under 10 psi requirement 

In both air spray and HVLP spray processes, the atomization air may not fiilly atomize 
the fluid or may produce an undesired spray pattern. Air spray guns therefore also utilize horn 
air. Horn air is a second source of pressvuized air that is applied to an outer region of the 
15 atomized fluid spray pattern to shape the spray pattern and also to in5)rove atomization of the 
fluid in the outer regions of the spray pattern. 

Another fluid spray process is airless spraying. As suggested by the name, an airless 
spray process does not use high pressure air for primary atomization of the fluid. Rather, the 
fluid is si9)plied under high pressure to a small orifice in the spray nozzle. The kmetic energy 
20 appUed to the Uquid as it passes througji the orifice brealffi apart the fluid stream into afinely 
atomized spray, much like a garden hose nozzle produces a spray of watw:. In airless spray 
apparatus the fluid may be pressurized up to 1500 psi or higher although many airless spray 
guns operate at lower fluid pressures, for exan^le 900-1000 psL An airless spray nozzle is 
therefore different from an air spray nozzle in order to effect a desired spray pattern and 
25 adequate atomization. 

Airless spray guns sometimes produce an effect generally known as tailing in which 
the fluid near ttie outer region of the spray pattern is not atomized to the same potent as in the 
center region of the pattern. This effect can reduce the overall quality of the finished product 
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in order to elimiiiate tailing and to ftirther in^rove the atomization process, an air assisted 
airless ("AAA" hereinafter) spray process may be used. In such a process, although priroaiy 
atoxnizatioB occurs due to high pressure fluid passing through the nozzle orifice, atondzation air 
may also be supplied and directed at the spray pattern in the region of the nozzle outlet 
5 Because each of the above described spraying processes utilizes different atoimzation 

and nozzle designs, it is not surprising that known spray guns usuaUy only operate with a single 
spray process. Thus, there are airless spray guns, air spray guns, AAA guns and HVLP guns. 
For exarcple, an airless spray gun does not have the hardware needed for air spray operatiozL 
An air spray gun typically wiU not operate as an airless gun. An air assisted airless gun will 

1 0 have air si^phed to it, but typically will not op^te satis&ctoiily as a true air spray gun. 

Because these guns all use different spray technologies and nozzle designs, a spray gun 
manu&cturer must keep a significant inventory of parts to build each gun type. Spray gun users 
may also need to keep a variety of spare parts to repair such guns. 

Another spray technology is corona discharge electrostatic spraying in which an 

15 electrostatic charge is applied to the fluid as it is dispersed out the nozzle. The electrostatic 
charge helps to atomize the fluid, but more inq>ortantly is used to iixq>rove the transfer 
efficiency by utilizing the electrostatic attraction between the charged fluid and the object being 
sprayed. Electrostatic guns thus can utilize air spray technology such as air assisted and airless 
air assisted and HVLP. Accordingly, known electrostatic gun designs include the same 

2 0 problems of numerous parts, difibrent gun designs for each technology and so forth as described 
hereinabove. 

It is desired tiierefore to provide a new spray gun apparatus that can utilize a number of 
different fluid spray technologies using basic shared conq)onents that can be easily configured 
for a specific application. 
25 Summary of the Invention 

To the accomplishment of the foregoing objectives, and in accordance with one 
enibodiment of the invention, a significantly different approach is taken for designing a fluid 
spray gun by providing a spray gun that is modular so tiiat the spray gun can be configured and 
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built to operate using a selectable spray process. In one embodiment, a modular spray gun 
includes a gun body, an extension and a selectable atomizing conoponent The basic gun body 
and extension are used to configure a spray gun that can operate as an air spray gun, an aixles s 
spray gun, an AAA gun or an HVLP spray gun as well as an electrostatic spray gun using air, 
5 airless, air assisted or HVLP technologies. The modular extension can be selected to allow 
circulating or non-circulating operation. The modular extension also permits a variety of 
atomizing con5)onents to be mounted thereon depending on liie selected spray process to be 
used with the specific gun. In an electrostatic version, the modular extension may house the 
high voltage multiplier. 

1 0 The irinr^ular gun body allows selective connection of an atomizing air supply and 

additional con5>onents for air management specific to a particular spray process. In one 
embodiment Ihe m^^ulaT- gun body and air management con^^nents allow separate air 
adjustment control for hom air and atomizuag air depending on the selected spray technology. 

In accordance with another aspect of the invention, an indicator device is provided for 

15 spray guns ming an HVIJP spray process to provide an indication that the spray gun ism 
conq)liance with the ri«YTTniiTn nozzle air pressure limit of less than 1 0 psi. 

In accordance with yet another aspect of the invention, a new air valve design is 
provided that can be used with the modular air spray guns described herein or with other devices 
that use air valves. 

2 0 Still another aspect of the invention provides an atonaizing component that enhances 

the yryfuhilsir features of the present invention in that there is provided a fluid flow element 
having a no^e orifice therein, wifli the element being made of a lightweight non-metallic 
material such as plastic, for exao^le, and includes a hard insert tiiat is placed in the orifice. In a 
preferred embodiment Hie insert is made of carbide and is press fit into the orifice. The carbide 

25 insert thus allows a modular gun to be configured as an airless spray gun or as an air assisted 
airless spray gun by selecting the appropriate fluid flow elOTaent within a modular atomizing 
component In accordance with a fixrther aspect of the invention, an atomizuig component or 
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device is provided with significantly in^roved atomization for HVLP and air spray configured 
guns. 

In accordance witii a fiirfher aspect of llie invention, a fluid tip and air cap arrangement 
is provided that optimizes atomization using a conical tip contour and a small flat area at the 
5 nozzle orifice. Inthepreferredembodimenttheconelialf angle is thirty degrees. 

in accordance with other aspects of the invention related to the electrostatic 
technologies, a modular extension is used diat houses a lugh voltage multq^lier having a multi- 
step weight distribution. This positions most of the multiplier weight over tiie handle to reduce 
operator fitigue. In accordance with another aspect of the invention, an atomizing con5)onent 
1 0 includes an electric circuit path for an electrode, either molded with a fluid tip in the case of a 
high pressure gun or molded into a needle valve in the case of a low pressure gun. This greatly 
enhances the modularity and ease of use of tiie gun for assemibly, r^air and maintenance. Still 
a furthCT aspect of the electrostatic version is a dynamic electrdstatic seal that isolates liie high 
voltage charge material from ground at the gun body to prevent discharge. Still a further aspect 
15 of the invention provides for an air cooled heat sink for the high voltage rmiltq)Uer. 

These and other aspects and advantages of the presmt invention wiU be apparent to 
tiiose skilled in tiie art fiom the following descr^tion of tlie preferred enibodiments in view of 
tiie acconQ>anyiQg drawings. 

Brief Description of the Drawings 
2 0 The invention may take physical form in certain parts and arrangements of parts, 

preferred embodiments and a method of which will be desCTibed in detail in this specification 
and illustrated in the accon^anying drawings which form a part hereof and ^t^ierein: 

Fig. 1 is a perspective illustration of an exen^lary embodiment of a modular spray gun 
in accordance with the invention, in this Gxampl^ the gun being configured as an air spray gun; 
2 5 Fig. 2 is a perspective illustration of an exemplary embodiment of a modular spray gun 

in accordance wiih the invention but configured as an airless spray gun; 

Fig. 3 is a partially exploded rearward view of tiie spray gun of Fig. 1; 
Fig. 4 is a partially e^^loded forward view of the spray gun of Fig. 1; 
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Fig. 5 iliustrates the aii spray gun of Fig. 1 in partial vCTtical cross-sectioi^ 
Fig. 5 A iUustrates an enlarged view of a flnid tip and air cap in accordance wifc the 
invention; 

Fig. 6 is an enlarged view of an air valve piston in accordance with one aspect of the 
5 iavention; 

Fig. 7 is apartial top view in section of the spray gun in Fig. 5 taken along die line 7-7; 
Fig. 7A is an alternative embodiment for die HVLP configuration of Fig. 7 using an 
atomizing air adjustment valve; 

Fig. 8 is a cross-section of a fluid tip suitable for use with a modular spray gun 
10 configured to operate as an ahiess spray gun; 

Fig. 9 is a modular spray gun configured to operate as an air assisted airless (AAA) 

gun; 

Fig. 9A is a modular spray gun configured to operate as an airless gun; 
Fig. 10 is a partial top view in section of the spray gun of Fig. 9; 
15 Fig. 1 1 is a perspective view of an automatic air spray gun; 

Fig. 12 is a vertical cross-sectional view of the automatic air spray gun of Fig. 1 1; 
Fig. 13 is a perspective of a circulating manual air spray gun; 

Figs. 14A and 14B illustrate anotiier aspect of the invention to provide HVLP pressure 

compliance with an indicator device or a relief valve; 
20 Fig. iSisasystemschematicforanon-circulatingspraysystemtiiatusesamodular 

spray gun according to the invention; 

Fig. 16 is a system schematic for a circulating spray system usmg a modular gun of the 

present invention; and 

Fig. 17 is a system schematic for an automatic non-circulating spray system; 
2 5 Fig. 18 illustrates an electrostatic version of a modular fluid spray gun in vertical 

longitudinal cross-section; 

Fig. 19 is a more detailed view of an electrode circuit in a Wghpre^^ 

electrostatic modular spray gun; 
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Fig. 20 is a detailed illustration of an electrode circuit for a low pressure version of an 
electrostatic modular spray gun; 

Fig. 21 illustrates a needle valve element such as may be used in the embodiment of 
Fig 20; and 

5 Figs. 22A and 22B illustrate a heat sink for cooling a power supply mounted in the gun 

body using atomizing air. 

Detailed Description of the Preferred Embodiments 
With reference to Fig. 1, &e present invention contemplates a modular spray gun 10 
that can be easily configured to operate with a selectable spraying process. The invention 

1 0 conten:q>lates a modular spray gun design whereby the gun can operate as an air spray gun, an 
airless spray gun, an air assisted airless (AAA) spray gun or an HVLP spray gun. These 
processes are intended to be Gxemplsry in nature in &at other spray processes may be available 
for incorporation into the modular gun concept, for ^Kample, an electrostatic spray process. In 
general, it is within the scope of the present invention to provide a modular spray gun design 

15 that can be configured to operate as an airless gun and as an air spray gun. Those skilled in the 
art will q>preciate, for example, that a AAA spraying process is a variation of an airless spray 
process, and that an HVLF process is a variation of an air spray process. Thus, odier variations 
in these spray processes and the incorporation of other spray processes such as electrostatics are 
considered to be within the scope of the present invention. 

20 Fig. 1 illustrates an embodiment of a manual non-drculating air spray gun 10 that is 

fiilly assembled but not connected to a fluid siqiply or an air supply. The basic elements of the 
modular gun 10 are an atomizmg con^xment 12, a gunbocfy 14 and an extension body 16 v^ch 
. intercoimects the gun body 14 to the atomizing component assembly 12. Those of orduiary skill 
in the art will s^reciate that although die atomizing assembly 12 is referred to herein as a 

25 "conyonenf 'y ttiere are a mimber of parts that make iip thft at mniTnTig nAmpntiftfit Althoug^hthe 
exen^lary anbodiments herein illustrate the extension 16 and the body 14 as two s^iarate 
pieces, it is also contenq>lated diat in some qiplications it may be desired to have the extensicm 
1 6 and gun body 14 coinbined as a single piece. Having a single gun body and extension unit 
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wouH reduce modularity and be a xnore compUcated part to manufacture and therefore is 
considered less preferred Uian the iUusttated embodiments, howevCT, such an arrangranent 
would stai be able to take advantage of the general modular design concepts to provide a spray 
gun that covild be configured to operate with a selectable spray technology. 
5 The atomizing con5>onent 12 mdudes various coiiq>onents including a nozzle that are 

used to control or shape Ae fluid spray released from the gun 10. as wiU be described in detail 
hereinafter. The gun body 14 indndes air management features that facilitate the configuration 
of a gun for a particular spraying process. The air management features include, wiflun the gun 
body 14, a number of passages for atomizing air and bom air when required in a selected air 
10 spraying or air assisted spraying process, and also selectable air management con?>onents for 
setting rtp or configuring the gun in one of the selectable spraying modes, as will be further 
described herein. M manual guns, die gun body 14 hichjdes a handle for grq>ping and bolding 
flie gun during operation. In an automatic gun, the gun body 14 inchides a conliol block (sudi 
as for a piston control, for example) that can be momited on a robot arm or ofter apparatus fljat 
15 conteols position ofthe gun during a spraying operation. Finally, tiae extension body 16 
provides a fluid passage for feeding fluid to the atomizing component 12, and also provides 
internal atomizing air and horn ait passa^ connected to corresponding passages in the gun 
body 14, as wefl as access for selecting the appropriate trigger control devices based on fte 
selected spraying mode for a particular guiL 
20 The basic modular con5)onraits include the atomizdng component 12, the gun body 14 

(including flie air management conqwnents when required) and die exttaision 16. These 
coiaponents permit a spmy gun to be configured by simply selecting and installing the 
appropriate atomization component trigger control and air managenaent con^oneots as 
required. It is contemplated that Ibe gun body 14 and the extension 16 as well as some parts of 
25 the atomizing component 12 and the air management parts be interchangeable modular parts 
lhatcanbeusedwiflialloflheavailablespraygun 10 configurations. This greatly reduces the 
number of parts that must be inventoried for building and/or nqairing spray guns 

spray, AAA, HVLP and airless modds. 
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By way of exauple of the modular nature of the basic gun components, Fig. 2 
ilhistrates an embodiment of a manual non-circulating airless spray gun 18. The aidess gun 18 
is illustrated fully assembled but not connected to a fluid supply. In comparing Figs. 1 and 2 it 
will be readily noted tliat the same gun body 14 and Gjctsnsion body 16 are used, albeit 
5 differenfly configured with various accessory parts as wiU be described herein The atomizing 
conQ)onent 20 for the airless gun 18 is different in some respects from flie atomizing con5)onent 
12 used with the air spray gun 10, however, both atomizing conq>onent assemblies are still 
modular in nature because they can be connected to the same extension body 16 design. 

Fig. 3 shows the manual air spray gun 10 in an exploded rearward view of its basic 
10 modular con^onents. The extension 16 and the gun body 14 can be interconnected by the use 
of standard mounting screws 22 that are passed through the corresponding bolt holes 14a in the 
extension 16 and attached to ftie gun body 14 (also see Fig. 1). Hie atomizing conponent 12 
includes an an cap 24 and a fhiid tq) 26 as will be further described herem. A threaded retaming 
ring 28 (Fig. 1) is used to securely hold the atomizmg con^onent 12 conqsonents on the forward 
15 threaded end 30 of the extension 16. In Fig. 3 the extension 1 6 is illustrated with a fluid fitting 
32 installed for connection to a fluid supply line. 

The modular spray gun 10 includes a trigger 34 that is used on Tnarmal guns to control 
operation of the gun 10. The gun body 14 also includes a downwardly extending handle 36 that 
permits the gun 10 to be hand-held during operation. When the trigger 34 is pressed rearward 
2 0 towards the handle 3 6, the trigger 34 causes an an valve (not shown in Fig. 3) to open and also 
retracts a needle valve (not shown in Fig. 3) to open a fluid orifice or nozzle in the atomizmg 
con^jonent 12. In an air spray gun, sudi as illustrated in Fig. 3, the fluid to be sprayed is 
siQiplied to fliB gun at a relatively low pressure, and therefore the trigger 34 need not apply 
much retraction force to the needle valve. HowevCT, in an airless gun, ttie fluid to be sprayed is 
2 5 siq)plied under relatively higher pressure and so the trigger 34 must exert greater force to retract 
the nozzle valve element (in an airless gun nozzle a ball valve tip is used in place of a needle 
valve) and abo possibly a shorter stn>kede|>ending on the specific nozzl Accordingly, 
the gun body 1 4 in fliis exen^lary embodiment is provided wifli at least two sets of mmnrttr^g 
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holes 38, 40 located on opposite sides of the gun body 14 for mounting the trigger 34 to l3ie gun 
body 14, TbetippermoTmtingholes38areusedforaff spray and HVLP guns and the like in 
which the fluid pressure to the atomizing component 12 is relatively low. The lower mounting 
holes 40 are used for guns that will have relatively high fluid pressures, such as for exan^le an 
5 airless gun or a AAA gun. The trigger 34 includes a yolk 42 that is secured to either side of tiie 
gun body 14 by screws 44. Thus, flie triggCT 34 is one element of the modular gun that is 
configurable. Those dolled in the art will appreciate, however, that it may be possible to design 
a nozzle and trigger control for bofli hi^ and low fluid pressure guns that can use the trigger 34 
mounted in a single location on the gun body 14. The provision of selectable mounting holes 
10 sin5)ly increases the flexibility of the modular gun design. 

Figs. 4 and 5 illustrate additional features of the gun 10 design configured to operate as 
an air spray gun. The fluid tip 26 provides a centrally disposed orifice or nozzle 46 through 
which fluid is released in a spray patteriL A needle type valve 48 is used to open and close the 
orifice 46. The needle 48 is spring biased to a closed position and can be retracted to open the 
15 orifice 46 by operation of the trigger 34. In Fig. 4 the trigger 34 is only pardy shown for clarity 
of other elements in the drawing. The fluid tip 26 is provided with air holes or jets 50 that are 
located rearward and surround the orifice 46. The fluid tip 26 may be, for example, part no 
325571 available fi-omNordson Corporation, Amherst, Ohio. 

The fluid tip 26 includes an annular tapered perq>heral surfece 52. The fluid tip 26 is 
20 sizedtobemsertedinto1heah:cj^24. The air cap 24 is used to direct atomizing air firom the 
air holes 50 in the fluid Hp 26 into the stream of fluid as the fluid is discharged through the 
orifice 46. The air cap 24 mcludes an internal tapered surfiice 54 (Fig. 5) that cooperates with 
the tapered surfece 52 of the fluid tip to force atomizing air forward and through an annular 
passageway 56 that surrounds the orifice 46 when the air cap 24 and the fluid tip 26 are 
2 5 assembled together (see Figs. 5 and 5 A). The air cap 24 can also be provided witii additional air 
holes 5 4 v^ch are used to direct horn air into the atonnzed fluid. Horn air is sullied to the air 
cap 24 from a horn air fluid passage within the extension 1 6. Hom air passes around the outside 
of flie tapered surfece 52 and into the outer periphery of tiie air ci^ 24 to the airholes 58. Thus, 
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hoiii air and atoxnizing air do not mix witimi fhe atomizing con^onent 12. Horn air and 
atomizing air are provided &oma single si^ly air source external Hie gmibut aie separately 
routed ^thin the gun, and this separation is accomplished back in the gun body 14 as will be 
described hereinafter. The extension 16 thus also includes separate horn air and atomizing air 
5 fluid passages (see Fig. 5) which are in fluid communication with their respective horn and 
atomizing air passages in the gun body when the gun is assembled. The horn air and atomizing 
air may alternatively be separately controlled 

The retaining zing 28 includes an inwardly extending flange 60 that engages an outer 
peripheral flange 62 (Fig. 4)on the air cap 24. The retaining ring 28 is internally threaded as at 
1 0 64 for threaded engagement with the forward threaded end 30 of the extension 1 6. The 

retaining ring 28 dms securely holds the air cap 24 and the fluid tip 26 togeth^ on the extension 
16, 

Still referring to Figs. 4 and 5> the extdision 16 includes a fluid inlet boss 66 that in 

this case extrads downward and is internally threaded to receive a threaded fluid inlet fitting 32. 
15 An o-iing face seal 68 can be used to provide a fluid tight connection between tiie fitting 32 and 

the extension 1 6. The fitting 32 receives at its opposite end 32a a fiuid hose that is connected to 

asupply of fiuid that is to be sprayed (not shown in Fig. 4). 

A trigger lock 70 is pivotally joined to fhe handle 36 by a pin 72 that extends through 

the lock 70 and a hub 74. When the lock 70 is in the locked position illustrated in Fig. 5, it 
20 interferes widi and prevents rearward n^iovenient or actuation of the trigger 34. The lock 70 can 

be fl^ped up as shown in phantom in Fig. 5 to release the trigger 34 thereby allowing an 

operator to maimally actuate the gun 10. 

With reference to Fig. 5, the modular gun body 14, and in this exan^le the handle 36, 

is provided with an atomizing air inlet passage 80. The lower end of the handle 36 is adapted to 
25 retain an air hose fitting 82. The air fitting 82 is threaded into the lower end ofdie handle 36. A 

retainer bracket 84 includes a hex hole 86 (Pig. 4) that sl^s over ahex body 88 of the fitting 82. 

The bracket 84 is secured to the handle 36 by screws 90. When secured in place, file bracltst 

prevents unintended loosening of the air fitting firom fiie handle 36 by locking the hex 88 against 



wo 01/66261 



PCT/USOl/07485 



-12- 

rotation. When the gun body 14 is to be used as part of an airless gun, the air fitting 82 niay be 
omitted and a solid bracket used to close off the handle 36 open end. The air fitting 82 
arrangement is used for AAA and HVLP guns as well. 

The atomizing air inlet passage 80 opens to an air valve chamber 92. An air valve 94 
5 is realized in the form of a valve piston 96 mounted on a piston rod 98. The rod 98 extends out 
of the gun body 14 towards the rearward side 34a of the trigger 34. A suitable packing 100 
seals the rod 98 to prevent substantial air loss around the rod 98. A valve seat 102 is formed in 
die gun body 14 and defines an oudet port 106. The piston 96 carries a valve seal that seats 
against the valve seat 102 to close the valve and block air flow through the gun body 14. A 
1 0 spring 104 biases the valve 94 to a closed position as shown in Fig. 5. When the trigger 34 is 
reixacted, it pushes the rod 98 rearward which moves the piston 96 away firom the outlet port 
106. 

Fig. 6 illustrates in an enlarged view the valve piston 96. The piston 96 includes a 
retaining smface 108 with an axial extension 1 10 thereof. An elastomeric seal 112 is retained 

15 on the valve piston 96 so that the seal 1 12 is pressed against the valve seat 102 when the valve 
94 is closed. In accordance with one aspect of the invention, the seal 1 12 is positioned on the 
piston 96 before tiie seal material is cured. The seal 112 is flien cured in situ and thereby 
becomes strongly bonded to the piston 96 retaining surfece 108. As one example, the seal 1 12 
may be Buna N rubber and cured using a conventional vulcanization process, with the mold 

20 beixig configured to hold the seal and the piston 96 in place. Other elastomers may be used for 
the seal. Thepiston96maybe, for exan5)Ie, stainless steel or other suitable material. For 
convenirace, the piston rod 98 can be press fit into the piston center bore 114 after the seal 1 12 
is cured to sirqplify the mold configuration. 

An air valve cap or plate 103 can be used to retain Ihe valve assembly 94 inside the gun 

25 body 14. 

With reference again to Fig. 5 and to Fig. 7, the air valve oudet port 106 is connected 
to first and second air adjust chambers 116, 118 via a conduit 120. The air a(^ust chambers 116, 
118 are used as required for adjusting air flow depending on the particular configuration of the 
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spiay gun. Thus, ia general, the air management function (for exan^le, horn air, atomizing air 
and adjustments tiierefor) is realized in the use of the air valve and die air adjust chamibers, 
including additional selectable coii:^)onents for the air adjust chambers as will be desoibed 
herein which are used to configure the gun 10 for a particular spray process using an appropriate 
5 air management fimctioiL In tiie air spray gun of Fig. 5, atomizing air is provided by a 
regulated supply of air back at the air source (not shown). Therefore, siq>ply air is provided 
through the air valve 94 as atonoizing air that is fed to the first adjustment chamber 116 and this 
chamiber is singly plugged with a threaded air tight plug 122 &at is Ihreadably inserted into the 
chamber 116. In place of the plug a pressure sensor or indicator could be provided. Of course, 

10 if desired an adjustment valve (similar to valve 1 24 described below) could be provided but this 
typically is not needed because atomizing air is regulated due to its high pressure. 

M the air spray configuratioio, horn air is also typicaUy xised and in Ms case part of tii^ 
siq}ply air is fed into the second air adjust chamber 118 and is used as horn air. Since horn air is 
typically used to adjust the fluid spray pattern, there is occasionally the need to want to adjust 

15 the volume of hom air flowing to the atomizing conq}onent 12. Therefore, an air adjustment 
valve 124 is provided in the second chainber 118. The adjustment valve 124 is simply a 
threaded valve element 126 that extends tinrough the chaniber 118 and out the back end of the 
gun body 14. Aknob 128 is provided so that an operator can adjust the flow of air through the 
chamber 118. The valve element 126 extends towards a port 130. In this ernbodimeirt, tiie 

2 0 valve element 126 is threadably mounted in the chamber 118. As the knob 128 is rotated, the 
valve element 126 adjusts the amoimt of air flowing dirougih the chamber 1 1 8 to the atomizing 
component 12. Note that the valve eleinent 126 can be fuUyinoved to shut off air flow dirough 
the chairiber 118 by seating against the port 130. In this manner the operator can control and 
shut off horn air si:q)pHed to tiie atomizing coiiq)onent 12. 

25 It is noted at this time that for an airless gun configuration the adjustment valve 124 

can be removed or iiotiisedaiid a second plug iised in the second chaniber 118. For AAA guns 
which use atomizing air and usually not hom air, the adjustment valve 118 and the plug 122 are 
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switched in position so feat the horn air cliamber 1 18 is plugged and tte adjustment valve 124 
can be used to adjust Ihe atomizing air fox the AAA configuration. 

An HVLP gun typically will use the configuration of Fig. 7 since it uses horn air. lu 
some HVLP spray apphcations we have found that by increasing horn air a significantly higher 
5 control over the fan pattern can be achieved. In order to accon^jlish this increased flow of horn 
air, file plug 122 of Fig. 7 (which is the atomizing passage 116 plug) may be replaced with an 
adjustment or regulation valve 700, such as, for example, a valve similar to the adjustable plug 
122 of Fig. 10. Note that in the «Enbodiment of Fig. 10 the element 122 is simply used to block 
horn air. It may be used, however, as an adjustable air valve, in that it is threadably adjusted in 
1 0 the passage and includes a screwdriver slot that an operator can access for adjusting the air flow. 
Thus, as shown in Fig. 7A, when such an adjustable valve 700 is used in place of the plug 122 
in Fig. 7, the atomizing air can be adjusted relative to the horn air . In this example, the valve 
700 is Ifareadably received in the atonaizing air chamber 116, and includes a back end 702 that is 
accessible to tiie gun operator. A screwdriver slot 704 is provided to allow the operator to 
15 adjust ihe axial position of the valve 700 within the chamber 1 16 to adjust atomizing air flow 
independently of ihe hom air adjustment valve 126. The screwdriver slot 704 is used in place of 
an adjustment knob to more easily distinguish the hom air and atomizing air adjustment valves 
to ihe operator. Many other adjustinmt techniques may be used for either valve. We have 
found that particularly in HVLP applications, reducing atomizing air increases hom air 
20 sufBciently to significantly increase fen pattern controL Fanpattem width control from about 4 
inches \xp to about 20 inches can be easily achieved by incorporating the atomizing air 
adjustment valve into ihe atomizmg air passage 1 16 in Fig. 7. As the hom air is increased by 
decreasing atomizing air, the fen pattern oval diameter is elongated along the major axis and 
narrows somewhat along the minor axis. 
2 5 Thus, the gun body 14 can be easily configured to accommodate airless and air spray 

and AAA configurations including hom air and atomizing air adjustments using the same basic 
niadplar body 14 but selecting which air management conq>onents to control the air flow for a 
selected graying process. 
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The first adjustment chamber 116 extends through an upper portion of the gun body 14 
and connects to an atomizing air passage 132 that runs through the extension 16 to the 
atomizing cort^onent 12. Similady, the second adjustment chamber 118 extends through an 
upper portion of the gun body 14 and connects to a horn air passage 134 that runs through the 
5 extension 16 to the atomizing component 12. The hom air passage 134 and the atomizing air 
passage 132 are isolated firom one another through the extension 16. Fig. 5 has been drawn to 
illustrate all the fLow passages in a single view for ease of explanation and tmderstanding, but 
those skilled in the art will appreciate that the passages 132 and 134 would not necessarily be 
viewed in a single vertical cross-section through the extension 16. The hom air and atomizing 

10 air passages in the gun body 14 are coxipled to the corresponding passages in the extension 16 
when the gun body 14 and extension 16 are secured together by the screws 22. 

As noted herein above, fluid is sillied to &e extension 16 via an inlet boss 66 that 
retains a suitable fluid inlet fitting 32. The fitting 32 feeds fluid into a fluid chamber 136 which 
is threaded at a forward end 139 to receive a threaded end 138 of the fluid tip 26. An o-ring 140 

15 is used to provide a fluid tight connection. By this airangement fluid that is to be sprayed is fed 
into tiie fluid tq> 26 to liie nozzle orifice 46. 

As described with respect to Fig. 4, aneedle valve in the form of a needle 48 is used to 
open and close tiie orifice 46. Operation of the needle valve 48 is controlled by the trigger 34 
via a packing cartridge assembly 142 and a puller 146. The trigger 34 includes at its upper end 

20 a coimection yolk 144 (Fig. 3) tiiat interfuses a puller 146. The puller 146 is si^orted in the 
gun body 14 and includes an adjustment cap 150 at a distal end thereof The forward end of the 
puller 146 is secured to a wire 152 tbatis also secured to the needle 48. The wire 152 extends 
tibroug^L the packing cartridge 142 body and sealed by a packing 142a. The puller 146 is biased 
by a spring 154 so as to have tiie needle 48 close the orifice 46. When the trigger 34 is retracted 

25 by the operator, it first engages the air valve stem 98 and then engages a shoulder 148 on the 
puller 146. This delay assures that tiie air valve is opened before flmd flows to the atonuzing 
component 12. The trigger 34 thus moves the puller 146 away fi'om tiie atomizing coiopansint 
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12 flius retracting the needle 48 from blocking the oiifice 46. Fluid flius flows through the fluid 
tip 26 around the needle 48 to the oiifice 46 and is atomized by the high pressure air. 

The packing cartridge 142 is received m a bushing 143 that is tiareadably retained m a 
bore 156 within the extension 16. This bushing 143 retains tiie cartridge 142 mflie extrasion 
5 16. The cartridge 142 includes appropriate seak 158 to prevent fluid from flowing back toward 
the gun body 14. A spring 159 is provided to uige the cartridge sealing element 142a forward to 
TnflinfaiTi a good Seal against fluid leakage. 

In some cases it is desired to have a fluid flow adjustment function for the air spray 
gun 10. This is provided in the exemplary embodiment by a fluid flow adjustment mechanism 
10 1 60. The fluid flow adjustment mechanism 160 includes a threaded needle 162 having a 

forward end 164 tibat extends into a bore 166 m flae gun body 14. The teeaded needle 162 has 
an opposite end that extends outside the gun body 14 and has an adjustmrat knob 166 thereon. 
The operator can turn the knob 166 and thrareby adjust tiie position of tiie needle end 164 
relative to the puller cap 150. The needle end 164 thus ftmctions as a stop that limits tiie stroke 
15 ofthepuUer thereby limiting how fer the needle valve 48 can be opened. In this manner the 
flow rate of the fluid tiirough the orifice 46 can be adjusted. 

The trigg^ 34 opiates so as to open the air valve 94 before the fluid atomizing 
coirgponent 12 is opened. This avoids spitting and non-atomized fluid frombemg discharged 
through the orifice 46. This can be accomplished easily by providmg a small amount of lost 
2 0 motion on the puller 146 until the ah: valve 94 opens, as described hereinabove. In the 

described embodiment this lost motion is realized hi the distance the trigger 34 travels between 
first engaging the ah: valve stem and then engaging the shoulder 148 of the packmg cartridge. 

Having described an embodhnent of an an spray configured spray gun 10, the same 
gun can be used for HVLP operation. The only changes that are requhed would be to select an 
2 5 appropriate atomizmg conqjonent 12. An HVLP atomizing component will be very shnilar to 
the con^onents described herem for tiie an spiay configuration, but tiie an cap 24 and the fluid 
t^ 26 are modified to inoease the volume of air, thereby also reducing the pressure of the 
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atomiziiig air and the hom air to less than 1 0 psi. This can be accon^lished, for exanq)le, by 
increasing the ninnber and size of the air holes 50, 58. 

For air spray and particularly for HVLP type guns, fbs fluid tip 26 includes a conical 
tip 47 having the nozzle orifice 46 formed therein (also see Fig. 4). The cone half angle is 
5 preferably selected at thirty degrees* This angle produces np Hmirn uniformity in the spray 
pattern, and reference is made to ''Optunization Of A Plain Jet Atomizer'', Hqrari Sc Sher, 
Journal of Atonuzation and S^ys, voL 7, pp. 97-1 13, 1997, the entire disclosure of which is 
fully incorporated herein by reference. 

With reference to Fig. 5 A, those of ordmary skiH in the art will appreciate that different 

10 cone angles could be used, however. It is further preferred though not essential tibat the nominal 
outside diameter of the fluid tip cone 47 at the nozzle orifice 46 be only slightly larger than 
tiie tip 47 inside diameter '"Do" at the orifice 46, for exanq>le oidy 0.001 iaches. This minimizes 
the size - of the fiat tip truncated end 47b at the orifice 46 thus siguificantly improving 
atonuzation. Thus, the ideal ratio of Dq/D is 1. This ratio is not practical in manu&cturing so D 

15 is maintained as Do + 0.001, for exarc^le. This results in immediate inq)ingeineiit of the 
atomizing air on the fluid stream. 

Fig. 5AiUustrates an enlarged view of an exen^laryHVIP and/or air spray fluid tip 
26 and air cap 24 arrangement Fig. 5A shows that the air jets 50 feed atomizing air around the 
conical tip 47 to the annulus 56. The annulus 56 is formed between the conical tip 47 end and a 

20 frusto-conical surO^ 56a iu the air cap 24. It is preferred though not essential that the air cap 
24 maintain the same thirty degree angle about the annulus 56 such tiiat the dimension 't" noted 
on Fig. 5 A is constant 

The tip 47 also is designed to extend past the &ce plane of the air cap 24 in the region 
of the annulus 54 a small amoimt "L", for example, .020 inches. With the orifice 46 positioned 

2 5 slightly downstream of the annulus 56 by this distance I^ the atomi2ang air in^inges on the 
fluid stream firom the orifice 46 a distance whm is located at tiie ap&K of tiie cone 47 if 
the cone were not truncated. The orifice 46 is formed in the flat &ce 47b of the tq[> 47. Itis 
prefmedto achieve a ratio L/L* of 0 if a minimmn SMD (Sauter Mean Diameter) and as a 



wo 01/66261 



PCT/USOl/07485 



-18- 

result, a finRr spray, is desired. A ratio of L/L*=l is desirable for a iriDre umform distribution of 
spray droplets. This design generates bette drop imifonxuty for smaller fluid tips, i.e. lower 
fluid flow rates, which atomize more easily, and TniTiiTnum drop size for the larger fluid tips, i.e. 
higher flow rates. The ratio L/L* approaches 0 as tiie dimension L approaches 0; however, a 
5 TnintTmim L is needed to prevent back pressure on the fluid stream. The ratio L/L* approaches 1 
as L approaches L*. 

As noted herein with reference to Fig. 2, a modular spray gmi configured to opexate as 
an airless spray gun in accordance with flie invention uses many of the same parts as are used 
with the air spray and HVLP guns of Figs. 1 and 5. Specifically, an airless spray gun can use 

10 the same extension 16, tiie same gun body 14 and the same trigger 34 and retaining ring 28. 
With reference to Fig. 5, in order to configure the spray gun for airless operation, the air fitting 
82 is removed or sinq)ly not installed, and a solid cov&r bracket 84' is used to close the handle 
36 open end. Sioce air is not used in an airless gun, the adjustment chambers 116, 118 are not 
used and therefore can be plugged using two plugs similar to the plug 122. Finally, since the 

15 airless gun operates with higher fluid pressure into the atomizing component 12, the trigger 34 
is mounted to the gun body 14 using the lower mounting holes 40 (see Fig. 3). The air valve 94 
assembly can either be removed or not installed as it is not used and the cap 1 03 used to cover 
the air valve chamber 92. 

An airless gun uses a different atomizing con^onent 12 design also. Since air is not 

2 0 used to atomize the fluid, the fluid is forced througji a small orifice and atomizes as it exits the 
orifice. Therefore, in order to configure the spray gun as an airless gun, the fluid tip must be 
designed for airless spraying. The retaining ring 28 can still be used, as can the air c^ 24 
although for an airless gun &e air cap 24 does not provide a needed functioiL 

Fig. 8 illustrates a fluid tip 170 suitable for use with an airless spray gun configuratioiL 

25 The basic profile of the tip 170 can be the same as the air spray fluid tip 26 and includes a 
threaded portion 172 that can be threaded into the extension 16 tip bore 139. A groove 174 is 
provided to retain the seal o-ring 140. 
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In accordance wiHi anotlier aspect of the invention, the airless fluid tip 170 is provided 
with a coimterbore 176 that also forms Ihe outlet orifice 180. A hard seat 178 is inserted into 
the counteibore 176 and retained tiierein. In this exenq)lary erDbodiment the seat 178 is press fit 
into the counterbore 176 however other retaining techniques could be used. It is preferred to 
5 minimize the gap between the end of the seat 178 and the outiet end of the fluid tip at the orifice 
180. 

It is noted at this time that in order to reduce costs of rDanu&;ture and reduce weight of 
the hand held guns, it is preferred to make the gun body 14, the extension 16 and the atomizing 
con^onent 12 conqponents from a high strength plastic material such as nylon or acetal or any 

1 0 other solvent resistant material to name a few examples. 

The fluid tip 26 may be made, for exan^le, of nylon for air spray applications, and 
PEEK (polyelheretiierketone) for airless appHcations. The air cap 24 can be made, for 
exanq>le, from any polyamide, polyamidimide or PEEK. 

When the atomizing conqjonent 12, and especially the fltiid tip 170, is made out of 

15 plastic however, high fluid pressure used in airless and AAA guns may tend to wear the material 
in the area of tiie orifice 180. la accordance wifii another aspect of the invmtion, the seat 178 is 
preferably made of a material that is substantially harder than the material of the fluid tip 170. 
In tiie exemplary embodiment the seat 178 is made of carbide. Other matoials such as 
hardened stainless steel and sapphire for exairq>le could be used. For non-abrasive fluid 

2 0 apphcations, hard plastics such as PEEK could be used for the seat 178. 

High pressure fluid is released fix>m fbe orifice 180 but substantially only contacts the 
hard seat 178, thereby avoiding excessive wear of the fluid tip 170. There is no specific need 
for the carbide seat 178 in an air spray or HVLP configured gun because the fluid pressures are 
too low to cause excessive wear of the atomizing corcponrat 12. 

25 The fluid tip of Fig. 8 can also be used for spray guns configured as AAA guns. An air 

assisted airless gun is very gmilaT to an airless gun, but also uses atomiziDg air to furflieT 
atomize tiie fluid. Accordingly, the fluid tip 170 of Fig. 8 includes a series of atomizing air jets 
179 disposed about the orifice 180, in xnarmer&atcanbebutneednotbe&esaxneras the 



wo 01/66261 PCT/USOl/07485 

-20- 

atomiziiig air holes 50 in Fig. 4. For AAA guns fh&n, an air cap 24 will also be used to direct 
the atomizing air to the annuhis around tbe orifice 180. 

Because the airless and AAA fluid tip 170 has a smaller orifice 180 as con93aredto the 
orifice 46 for air spray and HVLP nozzles, a needle valve is not as well suited for closing the 
5 orifice 180. Fig. 9 illustrates an embodiment of a AAA configured spray gun 190. The 

similarities in basic modular parts to the air spray and HVU guns are readily apparent and like 
leference numerals are used to designate like parts. However, in order to control flow of the 
high pressure fluid to the atomizing con^onent 12, a ball valve 192 is used to close the orifice 
180 by seating against the carbide seat 178. The ball valve 192 is coimected to the wire 152 of 

10 the puller 146. The pacldng cartridge 142, puller 146 and trigger control can be substantially 
the same as already described with respect to the air spray gun 10. 

Fig. 9A illustrates an embodiment of a modular spray gun coufigured to operate as an 
airless spray gun as previously described herein. The airless gun is very similar to the AAA gun 
of Fig. 9 except that there is no provision for an air supply. Note that Fig. 9 shows clearer detail 

15 of the atomizing con^onent 12 for the abrless and AAA versions. A seal 400 such as made of 
PEEK or nylon is placed adjacent the fluid tip 170 forward fece 176a. This^ seal 400 prevmts 
the high pressure fluid from back flowing into the extension 1 6. The seal 400 can be provided 
with an optional pre-orifice, pre-atomizing device 404 such as a sapphire or carbide insert. The 
seal and the pre-orifice can alternatively be made fi:om a single piece of carbide or other 

20 material. The atornizing conqranent for the airless and AAA guii, further iiicl^^ 

fliat is captured between flie air cap 24 and the fluid tip 26, For a AAA gun, the holder 406 
includes suitable recesses or passageways (not shown) that permit atomizing air from the air jets 
50 to pass through to an annulus that surrounds the carbide nozzle 408. In an airless or AAA 
gun, the fluid tip 26 does not atomize the fluid, bu rather the fluid is forced under high pressure 

2 5 first dirough flie carbide seat 1 78, the optional pre-orifice 404 and then a carbide nozzle 408. 
The carbide noi^e 408 is formed with a suitable orifice through which the high pressure fluid is 
forced a*"^ thus achieves the •final atomization for tiie airless gun, with atomizing air also being 
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used for a AAA gun. The pre-orifice 404 is used to create turbulence in the fluid stream before 
it entezs the nozzle 408, thus inq>roving atoniization for some types of fluids. 

The AAA configured gun 1 90 is equipped for atomizing air the same that the air 
. spray gun 10 is equipped and thus includes the air fitting 82 and the air valve 94. However, the 
5 AAA gun 190 uses only atomizing air, not horn air. Accordingly, as illustrated in Fig. 10, the 
first air adjustment chamber 1 16 is equipped with the adjustment valve 124 to adjust atomizing 
air flow into the atomizing air flow passage 132 as previously described herein. The second air 
adjustment chamber 1 18 is plugged with the air plug 122. Note tiiat the air plug 122 extends to 
block the port 130 Ihus blocking all air to the hom air passage 1 34. 

10 The present invention also conten^lates a modular spray gun concept for automatic 

guns. By automatic is sinsply meant that Ihe guns are controlled and actuated other than by a 
manually actuated trigger mechanisnx Fig. 1 1 illustrates an ass^nbled non-circulating 
automatic air spray gun 200. The automatic air spray gun shares many modular parts with Ihe 
manual gun of Fig. 1 including the atomizing conq)onent 12 and the extension 16. However, 

15 the gun body 14 has been replaced by a modtilar control block body 202. In this embodiment, 
the control block is realized in the form of a control piston block. The control block 202 
includes separate air inlet fittings for hom air 204 and atomizing air 206. A bolt 208 can be 
used to mount the gun body 202 on a robot aim or other apparatus that is used to position the 
gun at a desired location or to control its movement 

2 0 Fig. 12 illustrates the automatic air spray gun in vertical cross-section. It is readily 

appzi&Dt that Ihe extension 16 and Ihe atomizing componmt 12 can be substantially the same as 
those modular parts used for flie manual gun. The control block 202 is different fiom the 
modular gun body 14, however. Since &ere are separate controlled and automatically regulated 
iiq>uts for the hom air and atomizing air, Aere is no need for an air valve nor for tiie air 

25 adjustment chambers. The hom air fitting 204 is in fluid comxnunication widi the hom air 
passage 134 and the atomizrog air fitting is in fluid communication with the atom^^ 
passage 132. 
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Since there is no manual trigger, a different puller mechanism is used. The needle 
valve 48 is still actuated by pulling on a wire connected to HiB needle, as in the manual gun 10, 
however, the wire 152 is securely connected to a connecting rod 210. This rod 210 extends 
rearward through the control body 202 to an enlarged cup end 212. The connecting rod 210 is 
5 fixed to a control piston 214 that is momted for sliding axial movement within a bore 216. The 
piston 214 is biased by a spring 218 to a closed position as iUustcated in Fig. 12. 

A trigger air inlet fitting 220 provides pressurized trigger air to a trigger air conduit 
222. The conduit 222 opens to the valve bore 216 on the side of the piston 214 opposite the bias 
spring 218. An o-ring seal 224 trtaiti taiTis fluid tight isolation between the portions of the bore 

10 216 on either side of the piston 214. When trigger air is supplied to the inlet 220, the piston 224 
is moved backwards against the force of the spring 218, moving the connecting rod 210 and the 
needle 48 with it, and &us the needle valve for the atomizing con^onent 12 opens the orifice 
46. When the trigger air is removed the atomiziag conxponent 12 closes due to Ihe spring 218 
returning the piston 214 to the closed position of Fig, 12. 

15 A fluid flow adjustment device 226 is provided if required. This device 226 is a 

threaded needle 228 that can be turned by turning an adjustment knob 230. When the needle 
230 is turned its distal tip 232 can be positioned so as to limit the distance that the connecting 
rod 212 can be retracted, with the needle tip 232 acting as a stop. 

In order to have the atomizing air flowing before the atomizing con:5)onent 12 is open 

2 0 for fluid flow, a small gap 234 is provided between a rearward surfece 214a of the piston 214 
and the forward flange sur&ce 212a of the cap 212. This gap 234 provides a lost motion 
between initial movement of the piston 214 in response to the trigger air and movement of Hie 
connecting rod 210 in order to delay to opening the atomizing con^onent 12 until the atomizing 
air is flowing. Thus if trigger air and atomizing air are applied to the gun at the same time there 

25 will be a mmyientary delay iintTI fluid begins to flow from the atomizing conqionent 12. A 
second spring 236 is used to bias the connectiiig rod 210 to a closed position (as in Fig. 12). 



wo 01/66261 



PCT/USOl/07485 



-23- 

As with iiie manual embodiments, the automatic air spray gun 200 is the same 
confLguration as used for an HVLP automatic gun with die only required change being to select 
the appropriate atomiziag component 12 to effect HVLP operation. 

Although not shown in Hie drawings, the automatic air spray gun 200 can easily be re- 
5 condBgured to operate as an automatic airless gun or a AAA gun. For an airless automatic gun, 
the air fittings 204, 206 can be removed and the corresponding ports plugged. The atomizing 
con^onent 12 is also selected for an airless operation as previously described, and the needle 
valve 48 changed to aball valve, for exanqile. For an automatic AAA gun, the atomizing air 
fitting 206 is used but the horn air fitting 204 can be removed. These simple configuration 

10 changes are all that is needed to use the modular control block 202 and the extension 16 and 
atomizing con^onent 12 witii any of the spraying processes described herein. 

Fig. 13 illustrates anollier aspect of Ibe present inventioiL In some applications, sucb 
as heated fiuids, it is desirable to re-circukte the fluid particularly when the gu^ This 
can help to prevent the fluid heaters firom caking vp or clogging. In order to accommodate this 

15 ftmction, the modular extension 16 can be modified as a circulating version 16' to include an 
additional fluid port Thus there is an inlet fluid port 240 and an outlet fluid port 242 although 
&e reference to inlet and outlet are arbitrary. Either port could serve as the inlet port These 
ports are bo& in fluid communication with tiie fluid chamber 136 inside the extension 16. 
Whenever the atomizing conponent 12 is closed, the fluid singly re-circulates back to the fluid 

2 0 source. In all other respects the circulating extension 16' maybe tiie. same as the non- 
circulating extension 16. Of course, tiie drculating extension 16' can be used witb any of the 
spray gun configurations described herein. 

Also, the modular gun body 14 can be provided wilix a hook extension 244 for Tiangnug 
the gun 10 when not in use. 

2 5 For HVLP guns it may be desirable in some cases to provide an indication if the gun is 

out of coTTiplianc>e witii the less than 10 psi rating requirement In accordance with annrtipr 
aspect of the invention, tiie modular gun designs herein, particularly the maTmal EEVLP guns, 
can be easily modified to include such a feature. Figs. 14A and 14B show two embodiments. 
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In Fig. 14A, a direct visual conQ)liance indicator mechanism 250 is provided. This mechanism 
250 can be installed, for example, as an option into the olherwise phigged first air adjustment 
chamber 116 of Fig. 7 (in this example the mechanism 250 is being used WLlh a air spray 
configured gun). 

5 The conqjliance indicator mechanism 250 includes a plug body 252 that is threaded 

into 1he chainber 116. O-ring seals 254 can be used to seal the body 252 withm the chamber 
116. An indicator stem 256 is disposed for axial sliding movement within a central bore 258 in 
the plug 252. The stem 256 includes an enlarged head 260 and a bias spring 262 is positioned 
between the head 260 and a counterbore 264. The spring 262 biases the stem 256 inward into 

10 the gun body 14. A forward face 266 of the stem 256 is exposed to the pressurized air within 
the air passage 1 16. If this pressure reaches 10 psi or greater, the stem 256 is displaced iagainst 
die force of the spring 262 and an indicator tip 268 that is attached to the stem 256 pops out of 
the gun body 14 (shown in phantom in Fig. 14A). If the pressure drops back to within 
cong>liance the spring 262 returns the stem 256 to the retracted position within the gun body 14 

15 (as in Fig. 14A). 

Fig. 14B is a variation in the form of a relief valve 270. In this enobodimen^ the plug 
body 252 is axially shorter and telescopes into a retains sleeve 272. A pressure relief ball 274 
is sized to slide within the sleeve 272. The ball 274 has a forward portion 276 that seals the port 
130. The ball 274 is biased to the closed position of Fig. 14B by a spring 278, When the 

20 pressure in the passage 116 reaches 10 psi or higher the relief ball 274 ispushed rearward 
Pressure is then relieved through vent holes 280. When the pressure returns to less than 10 psi 
Hie ban re-seats and seals the port 130 under force of &e spring 278. 

Fig. 15 is a schematic illustration of a typical spray system 300 using a modular non- 
circulating air spray gun 10 in accordance with the invention. The system 300 includes a main 

25 air si:^ly 302 that feeds into a first air filter 304 and through a regulator 306 to an air line 308 
that is coimected to the atomizmg ah: inlet fitting 84 (Fig. 4). Main air 302 is also fed to a 
second air filter 310, regulator 312 and a lubricator 314.. This air is used for an ak driv^punq) 
316suchaspuix9no. 166476 available fix)mNordson Corporation. The pump 316 draws up 
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fluid to be sprayed tbrough a siphon line 318. The fluid can be heated as required with a heater 
320 and again filtered at 322 before being fed into the extension 16 at &e fluid inlet fitting 32 
(Fig. 4). Fig. 16 is similar to Fig. 15 but for a circulating spray gun. In this embodiment, the 
extension 16' includes the inlet and ouflet ports 240, 242 (Fig. 13) with the cuflet port being 
5 connected to a fluid return line 324. In this arrangement the fluid is re-circulated while the gun 
10 is idle. 

Fig. 17 illustrates an automatic spray system for a modular automatic air sprayer in 
accordance with tiie invention. The atomizing air and fluid are provided to the gun 190ina 
manner similar to Fig. 15. In addition, filtered and regulated horn air is provided to the horn air 

10 fitting 204 (Fig. 1 1) through air line 326. The trigger air is supplied through an air line 328 to 
the trigger air fitting 220 (Fig. 12). Atomizing air, horn air and trigger air, and fluid flow, can 
be controlled via a suitable controller 350 such as PT 5056 (airless) or a PT 5030 (air spray) 
available firomNordson CorporatiorL 

Note that in Fig. 2 a rigid fluid tube connection 290 is shown connected to the fluid 

15 fitting 32 as is sometimes used in airless and AAA graying apphcations. 

With reference to Fig. 18, an erbbodiment of a high pressure ma^iRl electrostatic 
version of the modular gun concept is illustrated. Many of the modular features of the 
electrostatic gun 500 are the same as the non-electrostatic gun embodiments described 
hereinbefore and ^refore need not be repeated. These include the three section modular 

2 0 assembly of a gun body 502, extension body 504 and atomizhig conq>onent 506; the air 
management features fDr atomizing and horn air used for the various selectable spraying 
technologies; iSb& tcigg^ 508 operated air valve 510 and fluid confarol valve 512, a valve pull 
shaft assembly 515 that includes the packing cartridge assembly 514; as well as both automatic 
and manual versions. All of these basic features may be in^>lemented in the electrostatic 

25 version of the modular gun 500 in a similar noaxmer, as described herein witii respect to the non- 
electrostatic version. 

The gun body 502 is provided witiii a removable back end 503 ^v^ch allows the 
multq>lier 520 and gQibt replaceable parts to be easify accessed or assenibled. The gun body 
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further includes a grq) handle 516 in the mamial version of the gun 500 as illustrated in Fig. 18. 
The gun body 502 includes a central cavity 518 that receives a rearward end of apower siqjply, 
such as for example, a high voltage multiplier 520. The multiplier 520 may be conventional in 
design as to Ihe electrical operation thereof as is well known to those skilled in the art. The 
5 cavity 5 1 8 is continuous with a central cavity 522 that extends through the extension 504. 
When flie multiplier 520 is to be used in the gun 500, the extension 504 will typically be longer 
than the extension 16 in the non-electrostatic versions described hereinabove. Additionally, 
because of the longer extension 504, the packing cartridge 514 will be separated axially further 
from the puller 568 (compare, for exan5)le. Fig. 18 with Fig. 5). Thus, with the electrostatic 
1 0 version that includes a power sitpply 520 in the extension 504, a valve puller shaft assembly 515 
is used to pull the wire 566 in response to actuation of the trigger 508. 

In accordance wi& one aspect of the invention, the multiplier 520 is longitudinally 
tapered in a stepwise £ishion from back to front. In this exen^lary embodiment, the naultq)lier 
520 includes a three section profile, with the largest and heaviest rearward section 520a being 
15 disposed in the gim body 502, an intermediate section 520b and a forward section 520c, both 
latter sections being disposed within the extension 504. This taper design and back-end weight 
distribution allows the overall size of the extension 504 to be reduced, and also places most of 
ttie multiplier 520 weight directly over the handle 516. This prevents imbalance of the gun 500, 
thus reducing operator fetigue. As an exan^le, the rearward section 520a may include a 
2 0 transformer, oscillator, circuit board, indicator lights and so on. Since it is the largest section of 
the multiplier 520, it will also have the largest quantity of potting material and thus the highest 
weight distribution. The intermediate section 520b way be used, for exanq>le, to enclose a 
capacitor/diode stack, while the forward section 520c may be used to enclose some load 
resistors. Other multiplier designs may dictate different con^onent locations, of course, but the 
2 5 significant feature is to redistribute as much of the weight over the handle 5 1 6 as possible. This 
reduces what would otherwise be a bending moment due to too much weight forward of the ' 
handle 516, which tends to cause operator fatigue. In one example, a xnult^lier 520 has been 
realized in accordance with the present invention ^lerein about half of the total noultipKer 520 
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weight is in the rearward section 520a, with. 38% of the weight in the intermediate section 520b, 
and only about 13% in the forward most section 526c that ovethangs the handle 516 &e farthest 
For the high pressure version of an electrostatic modular gun 500 illusttated in Fig. 18, 
the valve assembly 512 may be substantially the same as described hereinbefore. However, in 
5 the high pressure version, the outlet orifice 522 is too small to accoromodate an electrode 524 
without disturbing the spray pattern or o^rwise forming the electrode too small Accordingly, 
the discharge electrode 524 is disposed off axis relative to the central longitudinal axis of the 
control valve asseixibly 512. 

With reference to Fig. 19, an embodiment of a high pressure nozzle assembly 526 that 

10 is part of the atomizing con^onent 506 is illustrated. The flow control valve 512 is omitted for 
clarity. The basic nozzle assembly 526 includes a fluid tip 528, a nozzle holder 530, an air cap 
532 and a retainiog ring 534. These con^>onents cooperate in a manner substantially the same 
as described hereinbefore for the non-electrostatic version, but in particular the fluid tip 528 and 
related cprrg^onents have been modified to accommodate the electrode 524, as described herein 

15 after. 

The holder 530 includes a blind bore 536 and a through-bore 538. The electrode is 
generally J-shaped in this exan^le such that the discharge md 524a is inserted through the bore 
538 and the short second end 524b is inserted into the blind bore 536. The electrode 524 thus 
extends through the holder 530 off center fiom the central longitudinal axis Y of the fluid tip 

20 528 and does not pass through the oudet orifice of die nozzle. The lower curved portion of the 
J-shaped electrode 524 is exposed outside the holder 530. When the holder 530 and the fluid Hp 
528 are fully assembled, electrode 524 makes electrical contact with an electrically conductive 
carbon filled teflon ring 540 that is press fit or otherwise retained in a groove 542 in the fluid tip 
528. The ring 540 may also be roolded xu place when the fluid tip 528 is molded. The ring 540 

25 may be made of any suitable conductive material 

A resistor 544 is disposed widiia a groove in die fluid tq) 528. Preferably though uot 
necessarily, flie resistor 544 is molded in place with the fhnd tq> 528. A &st conductor lead 546 
is also preferably molded in place in die fluid tip 528 and electrically connects a forward end of 
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the resistor 544 with the conductive ring 540. A second conductor lead 548 is also preferably 
molded in place in the fluid tip 528 and electrically connects a rearward end of the resistor 544 
to a second conductive zing 550. The second ring 550 may also be realized in the fonn of a 
caibon filled teflon ring, although either or bolh rings 540, 550 can be made of any suitable 
5 conductive material. Preferably but again not necessarily the second ring 5 50 is also molded in 
place in the fluid tip 528 and is e^osed during the noachirdng process for fi-nishing the fluid tip 
528, 

The fluid t^ 528 thus includes an integral and preferably molded in place electrical 
circuit coixq>rising the resistor 544 and the leads 548, 546. Of course, the electrical resistor 544 

1 0 may be integrally formed with the leads 548, 546. 

With reference again to Fig. 18, Ihe forward end of the multiplier 520 includes an 
ou^ut contact terminal 552. A conductor wire 554 extends through a bore 556 (Fig. 19) to a 
bore 558 in the extension 504 to connect the multiplier 520 output to the second conductive ring 
550. When installed, the wire 554 makes electrical contact at a first end with the multiplier 

15 output terminal 552 and at a second end with the second conductive ring 550 (Fig. 19). In this 
manner, the multq>lier hig]i voltage output is electrically connected to tlie electrode 524 via the 
electrical circuit in tiie fluid tip 528. 

The extension body 504 iucludes a fluid inlet arm 560. A fluid feed hose 562 is 
slideably received at the inlet and is coupled at an opposite end to a supply of fluid such as 

20 liquid paint for exan^le. The inlet 560 includes a thoroughbore 564 that opens to the bore 558 
just iqpstream of the fluid t^ 528. 

The shaft puller assembly 515 in cooperation with the puller 568 and the triggo: 508 
and the wire 566 operates tiie flow control valve 5 12 as previously described hereinabove. Fig. 
20 illustrates an enlarged view of die packing cartridge 514. Fig. 20 further illustrates a low 

2 5 pressure nozzle assembly for the atomiziog con^onent 506, however, the packing cartridge 5 14 
is substantially the same for all the exemplary embodiments herein (note tiiat in Fig. 20 the air 
cap aiul retaining ring are omitted for clarity). The puller asseinbly 515 includes the puller wire 
566 that is attached at a forward end to the valve mechanism 512 and at a rearward end to a 
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puUer 568 that operates in response to actuation of the trigger 508 via the pull shaft assenibly 
515. 

The packing cartridge 514 advantageously provides a fluid seal between the forward 
section of die gun 500 and tiie rearward section of the gun 500, and also provides a significant 
5 isolation of the electrostatic energy from, ground. This is accoir^lished in the preferred 
embodiment by eliimnating most of the metal parts of the packing 514, cozi:q>aied to, for 
exaiiq)le, the packing cartridge 142 used in the non-electrostatic guns described hereinabove. 
By substantially reducing conductive materials in the packing cartridge 5 14, liie overall 
. capacitance is greatiy reduced, thus significantiy reducing the risk of a discharge to ground. 

1 0 Thus, in the electrostatic gun 500, the packing cartridge 5 14 is preferably made of mostiy plastic 
parts, for exaiiq>le, PEEK, with the only metal in this enibodiment being the puller wire 566 and 
the spring 578. With the puller 568 being also made of non-conductive materials, thm is a 
substantial reduction in tiie risk of electrostatic discharge to ground even though the puU^ wire 
566 is exposed to the charged fluid. This is accon^lished by reducing the capacitance of the 

15 cartridge ass^nbly 514 by eliminating metal and also having a substantial distance between tiie 
cartridge assraxibly 514 and the rearward end of the gun. The packmg 570 therefore provides 
both a fluid seal as weU as an electrostatic seaL 

The puller wire 566 reciprocally extends through a packing seal 570. A suitable 
material for the packing 570 is TefloiL This packing 570 acts as both a fluid seal against back 

2 0 pressure of the fhnd being dispensed through the nozzle, and also acts as an electrostatic banier 
between the fLuid and ground. 

The packing 570 is disposed in a tiered bore 572 of a packing sleeve 574. A tapered 
plunger or pusher 576 is biased forwardly by a spring 578 that is retained in the sleeve 574 by 
an end cap 580. Preferably the forward tapered end of the packing 570 is formed at a slighdy 

25 different taper angle than the tapered bore 572. This assures a circumferential line contact seal 
between the packing 570 and the sleeve 574. The spring biased plunger 576 nfiuntains a self- 
adjusting and dynamic load and sealing force ^iplied to the packing 570 in order to maintain a 
good seal not only against the sleeve 574 but also aromid the wire 566. Widzout the dynamic 
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self-adjusting feature, the packing 570 would tend to wear more quickly due to the moving wire 
566 and fluid pressure, and thus eventually lose its seal^ even if a hig^ static load is initially 
applied to fbe packing 570. 

With continued reference to Fig. 20, an electrode connection circuit is illustrated for 
5 the low pressure embodiment ofan electrostatic raodular spray gun 500. As in the above- 
described non-electrostatic gun embodiments, the atomizing component includes a fluid tip 580 
having a central bore 582 therein that receives a needle valve 584. hi accordance with one 
aspect of the invention, and as shown more clearly in Fig. 21, the needle valve 584 includes a 
plastic valve body 586 having a forward tapered end 588 that seals against a valve seat 590 in 
10 the fluid tip 580. 

An electrode 592 is molded in place in the needle valve 584 with a portion extending 
axially forward of the needle 584. Within the needle body 586 the electrode 592 electrically 
contacts a resistor 594 that is molded in place in the needle body 586. The needle body 586 
includes a threaded end 592 that is inserted into a threaded hole 594 in a wire holder block 596. 

15 Thus, axial rearward noovement of the wire 566 pulls the needle valve 584 away from the valve 
seat 590 to open the outlet orifice of the nozzle. An electrical connector in the form of a contact 
washer 598 is installed on the needle 584 and held in place when the needle 584 is installed in 
the holder block 596. The connector 598 makes contact with the enibedded resistor 594 molded 
in the needle 584. This may be acconapHshed, for exainple, by having a resistor lead (not 

2 0 shown) exposed after final machining of the needle body 586, which contacts the connector 598 
after assembly of the parts. 

The connector 598 includes a rearward extending flange 600 that roakes electrical 
contact with a conductive cazbon filled PEEK insert 602 in the rearward end of the fluid tip 580. 
Other conductive noaterials may be used as required for the insert 602. The conductive insert 

2 5 602 includes a radially extending contact portion 604 that extends through the rear cylindrical 
wall 605 of the fluid tip 580. The contact portion 604 makes electrical contact with a carbon 
fiUed teflon conductive ting 606. The ring 606 makes contact with one end of a Tmiltiplifr 
output wire 608. The opposite end of &e multq)lier wire 608 extends through a bore in the 
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extension body 504 and contacts an output terminal of the multq}lier 520, in a manner similar to 
&e exobodiment of Fig. 18. 

With reference to Figs. 22A and 22B, the electrostatic modular spray gun further 
includes a heat sink assembly 610 for the multiplier 520. As with the above described non- 
5 electrostatic gun designs, atomizing air may also be used with the electrostatic version. When 
the air valve 510 (Fig. 1 8) is opened by actuation of the trigger 508, compressed air enters an 
atomizing air passage 612 and passes through the extension 504 to die atomizing con^>onent 
506. A heat sink plug 614 is Gjq^osed to the flow of the conq)ressed atomizing air. A cooling 
plate 616 is attached to the heat sink plug 614 such as with a screw 618. The plate 616 is also 

10 attached as by screws 620 to the back end &ce of the inultipher 520 (Fig. 22B). hi this manner, 
heat is conducted away from the multiplier 520 with the plate 616 and heat sink plug 614 being 
cooled by the con^ressed atomizing air flow. 

With continued reference to Fig. 22A, the atomizing air flow passage 612 may be 
provided with an optional restrictoi plug 622. This plug simply reduces the air flow depending 

15 on the amount of restriction through the atomizing air chamber 118, thus allowing different 
pressures to be used for atomizing air and hom air. This is especially usefiil, for exanq>le, in 
HVLP applications, as previously described herein with respect to Figs. 7 and 7A. Because of 
the incorporation of &e heat sink 616 in &e electrostatic gun version 500, the use of an 
adjustment valve 700 (Fig. 7A) is less practical. Howcvct, the size of tiie restrictor plug can be 

20 selected to reduce the atomizing air flow in a similar maimer to thereby increase available 
air through the hom air chamber 116 for improved spray pattern controL 

With reference again to Fig. 18, the back end of the gun body 502 includes an on/off 
electrical switch 622 for the low voltage Tsxput to the multQ>Uer 520. By providing an electrical 
switch on the gun body, the operator can easily switch betwem electrostatic and non- 

25 electrostatic operation of &e gun 500. The switch 622 in this case may be any suitable 

commercially available switch, witihthe switch 622 being actuated by a quarter-turn knob 624 
tibat is mechanically connected to die switch 622 via a cam plate 626. 
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The inventioii has been described with reference to the preferred embodiment 
Obviously, modifications and alterations will occur to others upon a readmg and understa nding 
of this specification. It is intended to include all such modifications and alterations inso&r as 
they come within the scope of the appended claims or the equivalents thereofl 
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CLAIMS 

Having tlius described &e inveatioii, it is claimed: 

1 . A modular fluid spiay gun tiiat can be confLgm^d for a plurality of spraying 
techniques, con^iising: 

5 a gun body; an extoision; and a selectable spray atomizdng coniponent that can be 

coimected and disconnected from a forward end of said extension; said gun body having at least 
one air passage therein; said air passage being connectable at an inlet end to an atomizing air 
supply and at another end to said atomizing component through said extension; a fluid passage 
in said extension; said fluid passage being connectable at a fluid inlet end to a fluid siq>ply and 
1 0 at another end to said atomizing compon&jit; wherein said spray atomizing component can be 
selected to configure the gun as an airles s spray gun and as an air spray gun. 

2. The apparatus of claim 1 wherein said spray atomizing con9>onent can be 
selected to configure the gun as an air assisted airless spray gun. 

3. The apparatus of claim 2 wherein said spray nozzle can be selected to 
15 configure the gun as an HVLP air spray gun. 

4. The apparatus of claim 1 wherein said extension can be connected and 
discomiected from said gun body and when disconnected permits a nozzle control mechanism to 
be configured. 

5. The apparatus of claim 4 wherein said extension can be selected to configure 
2 0 Ihe gun as a fiuid circulating ^""^ a non-circulating gun. 

6. The apparatus of claim 1 wherein said gun body comprises a handle having a 
portion of said air passage herein, said handle being connectable to said air supply ^dien the 
gun operates with air. 

7. The apparatus of claim 1 wherein said gun body con:9)rises a trigger that 
25 conirok airflow and fiuid flow to said spray atozmzingconq>oiien:^ said Ifiggerbei^ 

to operate the gun using high and low fluid pressures. 

8. Tbs apparatus of claim 1 conqnising a configurable air management apparatus 
for configuring the gun to operate widi selectable air sources. 
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9. The apparatus of claim 1 wherein said gun body can be selected to configure 
the gun as a manually operated gun and as an automatic gun. 

10. The apparatus of claim 9 wherein said gun body conq)iises a handle and 
trigger for mannal operation of the gun. 

5 11. The apparatus of claim 9 wherein said gun body coroprises a control block 

assembly for automatic op^ation of the gun. 

12. A valve seal con^rising: 

a valve stem having a valve seal retaining sur&ce foimed therein; and 
an elastomeric valve seal that is secuied to said retaining sur&ce by being cured in 
10 place on said valve stem. 

13. A method for making a valve seal, comprising the steps of: 
forming a valve retaining surface on a valve stem; 

positioning an imcured elastomeric seal on said retaining sur&ce; and 
curing said seal in place to bond said seal to said retaining surfece. 
15 14. A pressure indicator for an air spray fluid spray gun, con^prising: 

a flnid spray gun body having an air passage therein for coimecting atomizing air to a 
spray nozzle; 

and an air pressure indicator device in said gun body that provides a visual indication 
of air pressure in the nozzle. 
2 0 15. The device of claim 14 wherein said indicator comprises an iadicator stem 

that shifts position in response to air pressure in said noszle reaching a predetemiined value. 

16. The device of claim 15 wherdn said stem esctends out of said gun body when 
air pressure in said nozzle reaches said predet^mined value and remains within said gun body 
when said air pressure is less than said predetermined value. 
25 17. A fluid tip assembly for a high pressure fluid nozzle in a spray gun, 

con^msing: 

a spray gun having a spray atomizing con^onent througfh which higih pressure fluid is 

released; 



wo 01/66261 



PCT/USOl/07485 



-35- 

a fluid tip m said spray atomizing con^onent through which high pressure fluid passes; 
said fhiid tip con^nisiiig non-metallic material; and 

a seat disposed in said fluid tip and having an orifice therein through which high 
pressure fluid passes; said seat being substantially harder lhan said non-metallic noaterial to 
5 reduce wear at said orifice firom the high pressure flmd. 

IS. The device of claim 17 wherein said seat comprises carbide. 

19. The device of claim 17 wherein said seat is press fit into said fluid t^. 

20. In a fluid spray gmi of the type having a spray atomizing con^onent through 
which hig^ pressure fluid is released, the in:q)rovement con^rising: 

10 a fluid tip in said spray atormzing con^onent and having an orifice therein through 

which high pressure fluid passes; 

said fluid tip corr9)rising non-metallic material; and 

an orifice insert that is substantially harder than said non-metallic material to reduce 
wear at said orifice from the high pressure fluid: 
15 21. Amodularfluidsprayguoi that can be configured for a plurality of spraying 

processes, comprising: 

a gun body; an extension; and a selectable spray atomizing coixq)onent that can be 
connected and disconnected fix>m a forward end of said extension; said gun body having first 
and second air control chambers for selectively controlling horn air and atomizing air. 
2 0 22. The ^jparatus of claim 21 wherein said chambers can be plugged for airless 

operation. 

23. The apparatus of claim 21 wherein either chaniber includes a pressure 
indicator or relief valve or an adjustment valve. 

24. In a fluid spray gun of the type having a spray atomizing con^onent through 
25 which fluid is released, the iziqaovement comprising: 

a fluid Hp in said spray atomizing conq>onCTt and having an orifice tiierein tixrough 
^^^ch a fluid stream passes; 

said flmd t^ conq>risii]g a conical portion with said orifice near flie apex of the cone; 
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a-nH an air cap that with the fluid tip directs air into the fluid stream downstream of the 

orifice; 

said air cap t^Pift-nm^ an a- mrnilar air passage about said conical portion and tiiat is 
spaced upstream from said orifice. 
5 25. The device of claim 24 wherein said cone half angle is thirty degrees. 

26. The device of claim 24 wherein said annulus has a constant dimension 'T' 
about said orifice. 

27. An electrostatic fluid spray gun conqnrising: 

a gun body having a forward portion with a nozzle at one end thereof and a 
10 rearward portion with a handle extending therefirom; 

a cavity in said gun body that extexxds along an axis fiom said rearward 
portion adjacmt said handle to said forward portion; and 
a power supply in said cavity; 

said power supply having a weight distribution along said axis with more 
1 5 weight being positioned proximate said handle. 

28. The apparatus of claim 27 wherein at least about 40% of said power supply 
weight is positioned proximate said handle. 

29. The apparatus of claim 27 wherein said power supply ts^ers-axially from said 
rearward portion to said forward portion. 

20 30. The apparatus of claim 29 wherein said power si^ly tapCTS in a stepwise 

manner. 

31. The apparatus of claim 27 wherein said power simply comprises a high 
voltage multiplier for a corona discharge spmy gun. 

32. A high voltage multipUer for an electrostatic fluid spray gun, conqjrising a 

2 5 multiplier housing that extends lengthwise along a longitudinal axis; said housing being tapered 
from a first end to an opposite end; said multiplier having an uneven weight distribution along 
said axis with more weight being located at said first end. 
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33* . A valve element for a corona disdharge fluid spray gun, conpiising: a molded 
valve body; and 

an electrical circuit molded into said valve body for providing electrical 
continuity between a first contact and a second contact 
5 34. The device of claim 33 wherein said electrical circuit comprises a resistance. 

35. The device of claim 33 in coxxibination witii a corona discharge fluid spray 
gun, said gun conqmsmg an electrode extending from a spray nozzle and a power supply; said 
electrical circuit being connected to said power supply ou^ut and said electrode. 

36. The apparatus of claim 35 wherein said valve element opens and closes an 
10 oriflce in said spray nozzle. 

37. The apparatus of claim 36 wherein said electrode passes throu^ said oriflce.' 

38. A fluid flow control valve for a corona discharge fluid spray gun, conqnnsing: 
a fluid tip having a discharge orifice through which fluid is dispensed; and 

a valve element that opens and closes said orifice; 
15 at least one of said fluid tip and valve element being a molded con^onent; 



and 



element 



an electrical circuit molded into said at least one of said fluid tip and valve 



39. The apparatus of claim 38 conq>rising an electrode that extends through said 
20 orifice and is electricaUy connected to said electrical circuit 

40. The apparatus of claim 38 conq)rising an electrode diat extends through said 
fluid tq> off axis from said orifice. 

4 1 . Ihe apparatus of claim 3 8 con^)rising a power supply connected to said 
electrical circuit and an electrode connected to said electrical circuit 

2 5 42. An electrostatic fluid spray gun, conqirising: 

a power supply; 
an electrode; and 
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a no2z:le having a fluid tip and a control valve for discharging atomized flmd toward a 

target; 

said electrode being electrically connected to said power supply through an electrical 
circuit integral with one of said fluid tip and control valve. 
5 43 . The apparatus of claim 42 wherein said fluid tip is a molded part and said 

electrical circuit is molded therein. 

44. The apparatos of claim 42 wherein said control valve includes a valve needle 
that is molded and said electrical circuit is molded therein. 

45. An electrostatic spray gun comprising: 

10 a gun body having an atomizing component at a forward end thereof; 

a power supply noounied in said gun body, 
an air passage for air to flow to said atomizing con^onent; and 
a heat sink thermally attached to said power supply to draw heat away therefiron^ said 
heat sink having a portion thereof esqjosed to air flow. 
15 46. An electrostatic fluid spray gun comprising: 

a gun body having an atomizing con:q>onent at a forward end thereof and a power 
supply at a rearward end thereof; 

said atomizing corq>onent rachiding a nozzle and a flow control valve; * 
a fluid inlet i5)stream of said valve; said fluid being electrostatically charged; 
2 0 and an electrostatic seal upstream of said valve and inlet to block electrostatic 

discharge to ground at said power siipply. 

47. The apparatus of claim 46 wherein said seal con[9>rises a noncondoctive plug 
that prevents fluid fiom flowing into said gun body rearward end and blocks electrical energy 
from said rearward end. 
25 .48. Theapparatusof claim 47 wherein said plug con^rises teflon. 

49. The apparatus of claim 46 wherein said valve is actuated by a wire connected 
to a trigger, said wire passing through said seal. 

50. The apparatus of claim 46 wherein said seal is dynamically loaded. 
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51. A self-adjusting fluid seal for a spray gun, comprising: 
a housing; 

a packing disposed in said housing 

a pusber that a})plies a dynamic load on said packing against an interior sur&ce of said 
5 housing to provide a fluid seal; and 

a wire extending through said packing. 

52. The assexobly of claim 5 1 wherein said packing, housing and pusher are made 
of non-conductive materials. 

53 . The assembly of claim 5 1 corqprising a spring that biases said pusher against 
10 said packing. 

54. A modular fluid spray gun that can be configured for a plurality of 
spraying processes, comprising: 

a gun body; an extension; and a selectable spray atomizing compon&it that can be 
connected and disconnected firom a forward end of said extension; said gun body having first 
15 and second air control chardbers for selectively controlling horn air and atomizing air; wherein 
each air control chamber includes an adjustment valve for pattern control in HVLP operation. 
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